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The Alternate Space 9iuttle Concepts Study 
extension midterm results reported herein weie 
generated jointly by the Grumman Aerospace 
Corporation, the Boeing Company, and their as- 
sociates. To assure consistency of results, Grum- 
man and Boeing worked together closely, partic- 
ularly in the areas of costing and concept evaluation/ 
comparison. In general, Grumman concentrated on 
overall study management, orbiter/exlemal tank 
design, and development test planning. Boeing 
concentrated on the design of both interim and 
fully reusable booster configurations as well as 
ground operations and maintenance planning. 

The other team associates and their major areas 
of participation are shown in the accompanying 
chart. 
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Under the four month extension to its Alter- 
nate Space Shuttle Concepts (ASSC) Study, the 
Crumman/Boeing Team with associates lus investi- 
gated potentially cost -attractive programmatic and 
technical alternatives to the 1 July baseline (concur- 
r rent development of an orbiter with external hydro- 
gen tanks end booster, both fully reusable). These 
alternatives include a phased approach, involving 
orbiter development and operation with an expend- 
able booster for an interim period, as well as design 
variations to the basic vehicles. This report sum- 
marizes the study effort and conclusions achieved 
at the mid term (two month) milestone. 

Specific study Issues were addressed in terms 
of the following tasks, cited in the Contract Exten- 
sion Study Plan of 7 July: 

1 . To accomplish conceptual designs of the 
alternate configurations and define the 
pisased development programs tor these 
alternate configurations 


S 






2. To obtain an understanding of the tech- 
nological, operations, cost, and schedule 
characteristics of each phased develop- 
ment program alternate and to perform 
comparative analyses among them 


3. To determine the technical and program 
- impact of orbiter payload size and weight 
and of payload size and weight growth in 
conjunction with the program growth 
from an interim expendable to reusable 
booster 


4. To determine the implications of intact 
“glidc/cruise” recovery capability vs 
abort-to-orbit, uiing the external hydro- 
gen-oxygen tank single engine orbiter 
(j2 x 40 payioacj/mtcnm solid ex- 
pendable booster configuration. 
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STUDY OBJECTIVE 


Define Doable & Affordable Shuttle Program 
Alternatives to July 1 Concurrent Basefine 



Technical 

Management 

Programmatic 





The current contract extension to the Alternate 
Space Shuttle Concepts (ASSC) Study addresses the 
external hydrogen and oxygen tank (HO) orbiter vari- 
ation to the baseline (H) orbiter, used with expend- 
able interim launch vehicles (S-IC and SRM’s) ultima- 
tely leading to fully reusable booster operation. Varia- 
tions in payload bay length and abort requirements 
were also considered. 


In addition, we studied a variety of alternative 
system configurations with expendable boosters which 
were directed toward a cost per flight reduction and 
extended interim operation. Finally, a fully reusable 
system using existing engines, F-l and J2, was ex- 
plored. 

All options have been developed to a level which 
provides a cost and technical comparison with the base- 
line. 

























BRIEFING OUTLINE 
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1. Can we reduce costs if we change 
Orbiter requirements? 









Three major areas liavc been assessed in terms of 
their influence on shuttle peak annual funding, pro- 
gram cost, and cost per flight. 

® Influence of Orbiter Design Requirements — 
This category has included investigation of: 

- H vs 110 external tank configurations 

— Payload bay diameter, length, and growth 
from 40 to 60 feet in length 

— Abort-to-Orbit (AO) capability vs. No- 
Abort-to-Orbil (NAO) 

• Use of Interim Launch Vehicles - Three dif- 
ferent ebsses of interim boosters have been 
evaluated: 

- Solid rocket motors: 120 in and 156 in. 
diameter 



— Pressure fed liquid rocket boosters using 
LOX/RP-1 and NoOq/UDMIl (storable 
hypergolic) propellants 

— SIC boosters t^. b >th the H and HO con- 
figurations 

• Re-examination of the Approach to Orbiter/ 
Booster Development - Both schedule modi- 
fications and alt-mate vehicle approaches 
have been considered as follows: 

— Schedule revisions including the deferring 
of production vehicles and delay of FMOF 

- Use of Saturn technology ( J2 Orbiter / 
F-I-LOt/RP booster) in conjunction with 
Block 1/Block II phasing 

- Limited capability approaches including 
use of low-cost subsystems and the appli- 
cation of an NAO 15x40 orbiter config- 
uration tea reusable LH 2 /LO 2 shuttle 
system. 
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Chang* to otbi'er design rfqunatnb widen 
have a significant impact on vehicle sue am! jys«ein 
development cost offei potential cost sa.injs of up ic 
S I B in DDT&H. In order to establish which change* 
are both feasible and worthwhile, we have studied 
variations in those major oibitcr systems which have 
significant si/e and development cost impact, it, 
propclhnt tankage, payload hay sue, and engine 
size and type. 




BRIEFING OUTLINE 




Potential orb iter requirement changes are ex- 
pressed in terms of the six issues shown. For each 
item, alternative configurations were developed with 
identical characteristics, except for the feature at is- 
sue, and then compared in terms of design and opera- 
tional problems, weight, risk, flexibility .and cost. Of 
these criteria, only those identifying relevant differen- 
ces are presented for each study. 

The first study compared an HO with an H 
orbiter, each carrying 65K payload in a 15 x 60 foot 
bay. All others used HO orbiteis with 45K payload 
except lor the growth study, in which the find design 
carried 65K. 
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CAN WE REDUCE COSTS I F WE CHANGE 
ORBITER REQUIREMENTS? 

• Only Hydrogen External, or Oxygen Too? 


HO vsH , 

• Small Payload Diameter, or Large? 

5Tvs15 ^ 

• Short Payload Bay. or Long? 

" 4ffvsS0 > 

. Cun We Start With Short Payload Bay & Grow? 
^ 40 -» 60 ] 

• Abort Once Around or Gliding Recovery 
'aOvsNAcT 
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The issues (hat were conadeied in the H vs HO 
comparison included the following: 

• Oibiter configuration 

• External tank configuration 

• Qualitative structural/dynamic trends 
for the orbiter with expendable tanks 

• Mated vehicle configuration 

• Heat sink booster weight and perfor- 
mance 


i 


• Ability of the orbiter to compensate 
for inert weight growth by growing tire 
main propellant tanks 

• Propulsion subsystem and separation 
system comparison 

• External tank and interstage disposal 

o Orbiter DDT&E. peak annual funding and 
cost/flight comparison 

• Orbiter core vehicle aerodynamic balance 












The baseline H 15x60 orbiter, which was 
used for the tl vs IIO orbiter comparison, incorpo- 
rated the following improvements over the H33 
orbiter design documented in the Gruniman/Bocing 
Alternate Space Shuttle Concepts Study final re- 
port: 

• Tire airbreathing engine system (ABES) 
installation was relocated to the aft end 
of the payload bay resulting in reduced 
scar weight and increased available fuse- 
lage volume 


• Main non-integral L02 tanks extended 
aft into the area vacated by the ABES 
reducing the tank diameter and thereby 
decreasing body cross-sectional area and 
body wetted surface area 

• Relocation of the docking interface 
from the payload bay to the nose short- 
ened the vehicle by 40 in. 

The usable main injection propellant is 
780,800 lb resulting in an orbiter ideal A V of 
18,383 fps. The orbiter T/\V at staging is 1 .26. 
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The dominant problem in configuring the HO 
1 5x60 vehicle is to keep the excursion of the * 

landed eg, with and without payload, within limits : 
acceptable for aerodynamic balance. To minimize ; 

this excursion, the main engines with fixed noz- ^ J 
zles, are located as far forward as possible with 
their fuel inlets running under the payload: The 
OMS oxidizer tanks can then be mounted above M 
the main engines, close to the OMS engines. An 
alternative engine pattern, locating the engines ' 
in the same forward position but radially around 
the payload centerline in an inverse triangle pat- 
tern, reduces the width of the base but the ad- 
ditional exposed wing results in a weight penalty. 

The base areas are about the same for both en- 
gine patterns. 


The four-man cabin shows a forward dock- 
ing system which necessitates a swing-away nose. 


Protection of the upper fuselage by the 
chines during reentry down to a = 25° dictates, 
to a great extent, the plan view shape of the for- 
ward fuselage. 


The usable main injection propellant is 
735,800 lb resulting in an orbiter ideal A V of 
18.383 fps. The oibiter T/W at staging is 1 .26 to 
be comparable to the baseline II orbiter. 
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A dry weight comparison of the H vs HO, with 
I$x60 payload bays, shows that the HO cote vehicle 
diy weight is 24% less than that of the H ewe vehicle. 
The H orbitci non-integral main propulsion oxygen 
tanks, which weigh 1 1 ,500 lb, ate included in the 
45,372 lb dry weight difference. 

*■ The body volume of the H and HO core vehi- 
cles are 5 ! ,500 ft 3 and 34,000 ft 3 , respectively. 

This represents a 34% reduction in body volume 
for HO over H. 

A breakdown of the difference in the H and 
IIO tank dry weights is shown on the next chart. 
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A configuration and weight comparison of the 
Horbiter’s two 15-fool diameter external LHj tanks 
and the HO orbiter single 22-foot diameter external 
UWLO^ tank illustrates the lower weight and 
simpler structural arrangement of the external LH> tanks. 
The major items in the HO tank that contribute to the 
dry weight difference of 26,514 lb are the structural and 
propulsion feed system weights for the L0 7 tank, the 
increased structural weight of the LH-, tank (because 
it is a load carrying structure) and the increased inter- 


stage weights due to the mid and aft skirts. Both H 
and HO tanks have a 5% dry weight growth allowance. 

The mass fraction of the H tanks and the HO 
tank are 0.828 and 0.9264, respectively. The mass 
fraction is defined as the weight of usable propellant 
divided by the sum of the usable propellant and the 
inert weight of the tank. 

A sketch of three SI VB stages is shown along- i 

side the HO tank to illustrate the size of the HO tar'.. - -■ 
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H vs HO EXTERNAL TANKS 


Weiqht Com oamon 

HO H (2 Tanks) 

LO 2 Tank 

4.843 

— 

LH 2 Tank 

17.324 

8.772 

Nose Ccn- 

88S 

2,712 

Interstage & Attach 

11.512 

234 

TPS 

3.506 

5,693 

Other 

f.647 

2.792 

Dry Weight 

4lv717 

20.203 

Reserves & R&sid. 

13.284 

2.907 

Total Wright 

60.001 

23.110 






r«231z 


ONE HO TANK 
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FRACTURE CONTROL (LOX TANK) 

The external HO tank has the obvious advantage 
of single use and the resulting benefits such as: 

• Minimum fatigue damage, flaw growth, :nd 
stress corrosion cracking 

• Use of minimum factors of safety in design 
of both LH 2 and LO 2 tanks 

• Accessibility during manufacture, NDE, 
test and service. 


TANK COMPLEXITY 

The external H tank is less complex than 
the ISO tank as it docs not require tank interstage 
structure or booster attachment structure. The HO 
tank carries an additional penalty for transmitting 
booster/oibiter loads. 


SEPARATIONS 

The HO configuration is preferred due to the 
simpler tandem separation of the booster and 
orbiter over the piggy-back H type of separation. In 
addition, the HO tank separation procedures and 
mechanization is simpler due to the angle tank. 

ORBITER POGO 

In comparing the length of the LOX lines 
between the H and HO configuration, the HO line 
is appreciably longer (approximately 85 feel com- 
pared to 23 feet). From prior analysis of the H 
configuration, no POGO problem was evident; how- 
ever the longer HO line will tend to increase sensi- 
vity of this configuration POGO. 

/ 

ALL DYNAMICS, OTHER THAN POGO 

The HO configuration, being longer than the 
H configuration, is potentially more sensitive to 
coupled vehicle dynamics such as “stop sign flutter” 
and structural bending/contro! system interactions 
during launch. 



H vs HO QUALITATIVE STRUCTURAL/DYNAMIC 
TRENDS FOR ORBITER AND DISPOSABLE TANKS 















The ft orbiler is parallel mounted with attach* 
ments straddling the booster LH-> tank. The vehicles 
are mated horizontally and rolled out to the launch 
pad on the booster landing gear. 

The HO orbiter is tandem mounted on the 
booster nose and is oriented with its vertical fin 
opposite to the booster’s to avoid impingement of 
the orbiter’s plume on the booster windshield. The 
stack requires vertical mating and roll out. 


30 













i 


Tandem mounting increases the bending moments 
on the forward body and the LH2 tank, resulting in a 
greater proportion of booster inert weight forward. 

This weight shift allows a wing-mounted booster air- 
breather installation. Compared to the H booster, 
the HO vehicle has heavier nose and LH2 tank 
structure, and lighter inter-tmk and LO2 tank 
structure. 


32 








BOOSTER STRUCTURAL MODIFICATIONS 
FOR TANDEM MOUNTING (FROM H TO HO) 
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Small differences in HO and II booster weights 
illustrate the minor overall effects due to tandem vs 
parallel mounting. The slightly higher dry weight 
of the HO vehicle is compensated by the lower ascent 
drag of the tandem arrangement to provide approxi- 
mately equivalent performance. 
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During a nominal mission both II and 110 
external tanks are jettisoned following oibiter in- 
sertion into the 51 x 100 n mi ascent transfer or- 
bit. Initiation of the tar.:: deorbit maneuver is 
timed so that nominal tank impact is targeted for 
the baseline impact zone in the Indian Ocean 
• which is approximately the antipode of ETR. 

The HO tank separation maneuver is considered 
to be somewhat simpler than 11 since there is 
only a angle 110 tank to separate as compared to 
the two 11 tanks. 

Both the H and HO tanks will breakup in 
the upper atmosphere. However, it is expected 
that the HO tank breakup will occur at a lower 
altitude than the H tanks due to its heavier 
structure. A breakup altitude of 240,000 feet 
for HO tank results in a maximum dow n-range 
dispersion for tank fragments of 650 n mi as 
compared to a breakup altitude of 300,000 
feet and a resulting higher maximum down- 


range dispersion of about 1 200 n mi for the H 
t~nk fragments. 

The probability of II tank fragments 
surviving reentry is low due to the high tenk 
breakup altitude and the tow ski'- gages of the 
structure. There is a higher probability that 
some fragments of the HO tank would survive 
reentry. The net effect of these tank disposal 
issues favors HO. 

Interstage disposal is an additional issue 
which is unique to the tandem HO configura- 
tion. During an interim program, the interstage 
can be jettisoned with the expendable booster. 

. However, when the launch configuration in- 
cludes a reusable booster, then the booster op- 
tions are to either jettison the interstage if the 
impact zone is acceptable or design an accept- 
able scheme of retaining the inteistage with the 
booster. This problem is now under evaluation. 


H vs HO, TANK & INTERSTAGE DISPOSAL 


©Tank Dispersions 


— Breakup Altitude 


omAo 


300.000 Ft 



% * ' 


240.000 Ft 


— Fragment Survival Probability (Burn-Up in 

■ ■ -■ Upper Atmosphere) 

— Maximum Downrange Dispersion 1200 N Mi 


HO TankSeparation Simpler 


V HO 


HIGHER 


650 N Mi 


Interstage Disposal ,4. ' ■ J 

• • . 7 ** . '3 i 

- Jettison with Interim Booster 


- Option «itfe Fhsti 5 oj 


0 Retain or Jettison 
o Difficult Solution 
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Three major questions arise concerning the 
operational aspects of configurations employing ex- 
ternal tanks. The fust is the question of tank dis- 
posal on missions where the orbiter injects directly 
into a high energy orbit, such as SO by possibly up to 
800 n mi. For these missions the nominal 200 
fps A used to retro the tanks is insufficient, and 
increasing the retro A will also increase tank dis- 
persions. A better approach which will still limit 
dispersions, is to carry the tanks through the mis- 
sion, and jettison them at entry interface. Assum- 
ing a 600 n mi orbit, the payload penalty associated 
with this approach is 4000 and 7000 lb for the 11 
and HO configurations, respectively. 

The second question b the compatibility of 
tank jettison procedures with missions which are 
time critical with rendezvous operations occurring 


between orbiter burnout and apogee. Since the time 
required for tank venting prior to jettison could 
compromise rendezvous, sealing disconnect values 
of the type used on the Atlas could be used at the 
tank/ obiter interface, thus reducing or eliminating 
the venting time requirements. These valves are of 
a proven design and represent small weight and 
cost/flight increments. 


The third question is related to tank dis- 
pose! following aborts that occur prior to nominal 
booster/orbitcr staging. Assuming that the orbiter 
always would bum its propellants to depletion, 
the tanks would h_ jettisoned at a “q" of 10-20 
psf in a pressu rued condition. The estv^teu 
weight penally for meeting this requirement is 
approximately 300 lb. 






MAJOR EXTERNAL TANK QUESTIONS ' 

QUESTION ’ . . ANS’-VC^ 

' • * ■':* * " ■ 

1. Tank dispersions for high altitude 1. Dispersions can be kept small 

missions? GOO n mi : ; by carrying tanks to orbit 

or deorbit - payload penalty. 
4KH;7KH0 , 

2. Reduce jettison operations time 
by retaining residuals. Requires 
Atlas-type sealing disconnects. 
Delta weight & cost/llight 
1501b &S30K 


2. Compatability of tank jettison 
operations with timeline-critical 
missions? 


3. Aborts prior to nominal booster 
separation? 


3. If early separation required, 
born orbitcr to depletion. Tanks 
cap bp jettisoned at 1 0-20 p«f 
**q" if pressurized. Weight 
penalty % 500 lb. 
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The inherenl capability of the H and HO con- 
figurations to accommodate unpredicted inert weight 
growth beyond the present orbiter growth allowance 
was investigated. Two cases were considered, one in 
which there is no design allowance for this unprcdicted 
growth and the second where the vehicles were pre- 
scarred to accommodate unpredicted inert weight 
growth. 

Without design allowance for growth, the options 
are fairly straightforward. For the If orbiter the only 
option was to increase the size of the external LH> tank 
and operate the main engines at a lower average mixture 
ratio. An average mixture ratio of 5.75: 1 was chosen 
since it provides a ratio of 6: 1 at nominal separation 
(yielding maximum FPL in the event of engine failure) 
which decreases to 55 : 1 at the end of burn. The 
percent inert weight growth allowance for this case 
was only 0.7%. 

For the 110 orbiter. the only option was to add 
oxygen to the nose of the external IIO lank since it is 
nut practical to disturb the tank/orbiter interface geometry 
or the tank/booster interface geometry. A mixture 
ratio of 6.25: 1 was chosen for the growth version for 
the same rearm discussed in the previous paragraph. 

This yielded a net growth allowance of 2.7% which 


represents a relatively modest growth allowance, but 
certainly a stihsiantial improvement over the II orbiter. 

A phis tor HO. 

The second case considered pre- scarred the II 
orbiter by providing additional body volume so that 
the diameter of the internal non-integral oxygen tank 
could be increased by 4 in. This coupled with a 
large external hyjtogen tank would pennit an inert 
weight growth allowance of S.2fr which would double 
the present H orbiter core plus tank growth allowance. 

The iterated scar weight penalty to the initial K vr 

erbiter design was estimated to be 1020 lb. 

> ■" * 

The HO orbiter was pre-scarred by increasing 
the length of the 1*0 tank interstage by 4.2 feet which 
permits future stretching of both the UI 2 and LO> 
tanks without disturbing the existing structural interfaces. 
This would pennit an inert weight growth of 6.6%. f 
which also doubles the present HO orbiter plus tank * 
growth allowance. 31 a scar weigh: penalty in the initial 
design of 14S0 lb. A plus for H. if pre-scarring tlif 
wbitrt f«v grfl*ih ij accepSiHi. 
ar- ■. ..... 

Based on this analysis, there is no dear cut ad- 
vantage to either H or HO in terms of development 
flexibility. 












1! advantages 


HO ADVANTAGES 


1. Smaller Lines to Separate • Both designs require 
6-line disconnects. The H orbiter has 2*14 in. main 
lines, 2-6 in. vents, and 24 in. recirculation lines, 
whereas the HO orbiter has a 17 in. Ills main line, a 
IS In. LO 2 nuin line, 2-8 in. vents, and 2-4 in. rcclr- '* 
eolation lines. The HO orbiter requires that L0-> : ; \ 
disconnects and larger, LH-> disconnects be developed. 

2 . Less Critical Di ^connect Doors *H doors are 

located on the fuselage sides (1000°F environment) 
whereas tire HO doors are on the bottom (16Q0°F . 

environment) thus making tire I IO design morccriii- * 
cal from the standpoint of door design and failure 
sensitivity - ■! __ 

3. Smaller Gimbal Angle Travel - Location of the 
HO externa! tank requires that the 1IO orbiter haw a . 
total girnhal angle travel of 25° to maintain adequate 
control in the event of an atmospheric abort, ihe 
equivalent total gimbal angle travel for the H orbiter 

is 20 0 ^ r':V 


1. No Propellant Management -The HO orbiter 
single main LO, and Ul 2 tanks do not require the 
allocation of reserve propellants to account for non- 
simultaneous depletion of parallel tanks, as Is required 
for H orbiter dual train LOv and LIE? tanks. This , 
(mounts to a 443 lb propellant savings. In addition, 
the single LH> feed line traps 57 lb less propellant 
<•’ 2- Less Pressurant & Simpler Purge System - The 
lower surface to volume ratio of the IIO main pto- 
„ pulsion tanks, as compared to the I I nuin propulsion 
4; tanks results in less piessurant collapse and thus leu 
» trapped gas. The effect Is most pronounced on the 
LO 2 side and results in a 180 lb gas savings. The HO 
orbiter purge system must purge only the feed lines 
v and not the tanks, icsulting in an additional 100 & , 
hardware saving 

3. Separation is Extension of Saturn Technology • 
The HO orbitcr/boostcr will use a shaped charge sev- 
erance of the interstage structure, as used in the 
Saturn booster. The il concept uses a hydraulically 
actuated linkage to push the vehicles apart 





H vs HO, PROPULSION SUBSYSTEM 


v 



• Smaller LH2 Lines & No LO2 Lines 
to Separata (Total No. Equal to HO) 

• Reclosing Disconnect Openings 
Less Critical 

• Smaller Gimbal Angle Travel 
(±10° vs ± 12.5° for HO) for 
Atmospheric Abort 


• Simple Feed; No Propellant 
Management (>500 Lb Fluid) 

• Less Pre-surant & Simpler Purge 
System (-280 Lb) 

• Orbiter/Booster Separation Is 
Extension of Saturn Technology 
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A comparison of the ii 1 5xf<0 and (lie 110 IS 
x 60 orbiter costs shows a reduction in the HO orbiter 
core DDT&E of S265M over the tl orbiter core, an in* 
creased 110 tank DDT&E of SI75M over the il tank, 
with a net total HO orbiter DDT&E reduction of S90M. 

It should be noted that although the dry weight 
of the 110 orbiter core is 24% lower than that of the 
H orbiter core, most of this difference h attributable 
to structural subsystem reductions. A large number of 
the orbiter subsystems arc relatively insensitive to 
vehicle weight. The structural subsystem related 
costs amount to about one quarter of the total orbiter 
core DDT&E cost. This is the major contributor to 
the S265M 110 orbiter core saving. The cost. /flight 
difference of S790K between the H and 110 config- 
urations is primarily due to the difference in average 
production costs between a pair of external 11 tanks 
and an external 110 lank and its interstage. 
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Several HO fliselagc design options are shown. 

The cost baseline. Column 2, has its three high 
pressure engines in a low horizontal tow so that tho 
required straight sections of propellant tine run under 
tho payioad bay. This results in a payload bay closer 
to the vehicle center of giavlty with an acceptable 
eg travel of 2%. A modified cockpit arrangement with 
front docking has helped reduce dry weight. The first 
column sliowt the vehicle characteristics with a tri- 
angular main engine arrangement. Center of gravity 
travel of 2.7% is beyond that which can bo tolerated 
with the current 1 3.8% elevens. The remaining con- 
figurations use smaller propulsion installations (NAOJ 
and a tailored payload bay. 


<16 





HO ORBITER CORE ARRANGEMENTS 


22-2FT 


12B.2FT 

I 




3 Ittline 
Cost Baseline 


2 Inline 



NAD. 2 Inline 
Tailored Payload 
QMS Upfront 


Abort to 
Orbit 

V 

V 



No. Eng/Fyac 

3/1.379,601 

3/1,293,188 

2/874,008 

2/841,517 

C.G. Travel 

2.7% 

2.0% 

Wl.9% 

UK 

Dry Weight 

157.085 

142,981 

131,748 

124/141 

Landed Weight 

| 199.855 

185.751 

174,518 

167,211 
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This represents a summary of the issues div 
cussed on the previous pages. 

A qualitative analysis of the structunil/dynamlc 
trends for the orbiler ami the expendable tanks bv 
dicates no clearcut advantage for cither II or HO. 

The tandem 110 HSU and the piggy-back H 
USB have almost identical weights and performance. 

The ability to compensate for inert weight 
growth of the orbiler by increasing the siec of the 
main propellant tanks shows an advantage for HO 
il no scar weight is permitted in the initial design 
and an advantage for H if a modest initial scar 
weight penalty of about 1000 ih can be tolerated. 
Therefore, development flexibility is a toss-up. 

The HO propulsion subsystem is superior 
to the H because of its simpler feed system result* 
big from a single main LH 2 and LO 2 tank. 
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HO tank disposal is slightly favored over 
H tank disposal because tltcrc is only a single tank 
to separate and the predicted downtangc disper- 
sion of the HO tank fragments is about one-half 
the predicted dispersion of the H tank fragments. 
However, HO tank interstage disposal with a re- 
usable booster poses a design and/or operation* 
complexity. 

A cost comparison Indicates a small reduc- 
tion in HO orbiler peak annual binding and DDTAE 
costs, but a more substantial increase in cost/llighl 
due to the more expensive expendable tank. There 
is no obvious winner from the cost vantage point. 


With its design, operational, and early funding 
advantages, the HO configuration warrants further 
investigation (in structural/dynamic areas related to 
its tandem arrangement) before a final selection is 
made. 
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H v* HO SUMMARY 


Of H\0 



ISSUE 

• Tank/Orbiter Struct. & Dynamics 

• IISB Weight & Performance 

• Development Flexibility 

• Propulsion 

• Tank Disposal 

• Cost 

•Peak Annual Fundino 

•DOT&E 

•Cost/Flight 

• Aero/Belance 

(1h?ho) 
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The next six illustrations summarize studies 
that were performed to identify the potential ben* 
fits of reducing the payload bay size. Orbiter de- 
signs with payload dimensions of 15x60. 15x40 
and 12x40 were compared. 
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PAYLOAD BAY SIZE 


ISSUES 

• Aero Balance 

• Orbher Dry Weight 

• External Toisk Dry Weight 

• Orbiter & Tank DDT6E 
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HO OBBITER DRV 


olT6 R DRY WE.GHT/PAYLOAD BAY VOLUME 

°So«WAYlOAOOOVm-Kt« 


1_ 
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161,646 1 
(65/40) # 


149,267 

(45/25) 


A»19.355 
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PAYLOAD BAV volume icu. ft.) 








The issue of payload diameter is addressed by 
comparing the 12x40 and the iSx40orbiierson 
the basis of total dry weight (including tanks), body 
volume and bod) wetted area. It is concluded that 
the total orbitcr dry weight savings in reducing the 
payload hay diameter from IS to 12 feet is small. 
This small reduction is butnc out by the correspond- 
ingly small reduction in body volume and body 

wetted area. 5 , 
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ISSUES 

15 X40- 

OIFF. 

*-12X40 

Orbher Ory Weight 

129.312 

2.503 

120,809 

External Tank Ory 
Weight 

43,950 

1.022 

42,928 

Orbiter* Tank OOT&E 
PAF 


$19M 

$6M 
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The effects of payload bay length were explored 
by comparing the 15x60 and the 15x40 HOotbitei. 

It wai found that payload bay length it a relatively 
larger driver than payload diameter on body volume 
and wetted area, and therefore on dry weight. The 
core dry weight reduction in reducing the cargo bay 
length by 20 feet i> 19.995 lb. 
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PAYLOAD LENGTH 
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taw 

15X60— 
(4SK/25K PLD) 

row— 
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• Aarobafamcs 

Accaptabla 
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• Oibiter dry weight 

149*267 ^ 

19,955 

• Ext tank dry weight 

50,300 

0,350 

• Orbitcr -i- tank DHT&E 


$144M 

• Peak annual funtfrag 


$ 31 M 












A study was made of the implications of a two 
(dase orblter program In which the Icittai whiter has 
a payload bay size of 15x40, and is modified later 
to a 15x60 payload bay size. The objective of the 
study was to deflne the best approach to growth in 
terms of: 

o Minimum scar weight to both the initial and 
final vehicle 


o Minimum rework requirement 

The tear penalties considered were weight, cost, aero- 
dynamic performance end ride, and the rework pen- 
alties considered were cost and risk. The results wore 
evaluated on potential net benefits in reducing initial 
development and peak annua) funding requirements 
This study was done on an HO type whiter. 
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ORBITER GROWTH 

(15x40 to 15x60) 


I 


? i, j. f 


• Best Approach to Growth 

Minimum Scar to Initial & Final Vehicle v» Minimum Rework 

Scar Penalties: 

• Wright 

- Coat 

- Aerodynamics 
-Rhk 

Rework Panaltin 

• Coat • Structure. Engine 

- Rith 

• Net Benefit of Growth Approach 
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Befotecomldering growth, so optimized 15x40 
whiter (shown on the left) was compered with an op* 
tlmfcwd 1 SxhOorbltcr (shown on the right)! The cm* 
vehicle of the smaller vehicle was 29,900 8> tighter. 
Ntither vehicle had been leaned foe growth. Two . . 
potentid approaches to growth were then considered. 


left), the initial vehicle was only scarred to the extent 
of providing main engines sited for the final vehicle/ 
ptusthett^tionof weight through the vchido to 
cany time (tiger engines. The initial core weight 
savings was reduced to 28,000 lb. 


Since the rework of this vehicle to the find fixe 
would he Urge, a second and hopefully more practical J 
approach to growth was studied (third configuration. / 
from the left)| In this case the whiter scars Included 
the larger engines plus provisions for a new wing and ■: 
a 20 foot ‘*slug"in the fuselage. These added scars re- 
duced the initial core savings to 6700 16, and further . 
resulted In a 2300Ib scar remaining in the find 15x60 
version,';.?; • ■’'■■■■ 
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£ * The initial c«t wring of Uie growth approaches 

(relative to an opthnirc^l 5>^0J ^development and 


peats nnual (unding Vr^own to be small. In sddJ. 

> «** vthfc,w wo 
- somewhat ^promi^dVo a'dp|th« growth, which 
^ c -Jnffijgra rne^^^t ^^ Uonal^ifewould bccneoun* • 
®V JflrfS in ^Uh^^iUbai^ r ^ucments, Further, 
,p|* the the WtUli^hkleWthcU final vet* 

■J i ~ w dona subafaritlaHy 

^coactade^t^j^aw ^& t^j^^ not a practical 
solution to ^ritm^^tt^njlcat and pre/post* 
scar cost and r£fc issues sre^reolisticaily assessed. , 

?; w*W:m- - 

■ v :** i r-i r i 


solution to cost sayingft 
scar cost suidrbk, issues i 


&. • -*b 





ft 



.oCiiJSSS Wao^-‘-4_ni - ^W±,L >».^«^.ii4 1| - || igj-'n lh r Tui ■ l i l'. M i' l r ''•*■ *) )V n'i • | ----- 


GROWTH SUMMARY 



Approach 

Sen Limited to SSME vs 

Option 

Practical Growth Scar 

Initial Cost Saving Relative 

Vy if*. y‘ 

V"' ’ e.. r 


to HO 15 X 60 

: vr l '/•.C 


ODT&E 

S117M 

S48M 

PAP 

$ 33M 

$13M 

Aerodynamics 

OK 

Compromised 

Risk 

Wgh (2 Development 

High (Neither Vehicle 

— 

Programs) 

Optimum) 

Rework 

Total Redesign 

Considerable Redesign 


(Very High Cost) 

(High Cost) 












The NAO v» AO study stait* from a definition . ; 
oturbitcr dmractcilstics needed to perform alwt-t®; - 
orbit. The orbitcr must achieve a once^tound orbit ■ 
with an engine out from nominal staging with OMi /;• • 
propellant augmentation. In the staging velocity 
(Vjtage) region of interest, this didates three 01? • • 
biter engines and a minimum T/W at each V Mage 

to provide AO capability, ; The study objectives. 

were to establish whether relaxation of tids con- . 

suaint provided appreciable cost savings and whether ; t 

NAO was operationally visiblc. . 

I' ' -• 
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NAO vs AO, ISSUES 


• Orbiter CitsracterUtfcs Required For Abort-toOrblt With 
Om Engirt* Out; 

- Number of Engines 
* T/W 

• Potential Weight end Cost Savings for NAO 

• NAO Abort Footprint 
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A generic HO, 45K 1 5x40 orbiter with 2/3 SSME 
was siee-*nd cost -trended, through a T/W range of 0.7 
to U and Vstage range of 4K to 8K fps, for a 12- 
flight interim program using 2 -stage 120 in. SUM 
boosters. The characteristics of the minimum cost 
three engine AO are shown. With one less engine, the 
NAO is 1 3K ib lighter in dry weight and 23K. lb 
lighter in OLOW than the AO orbitcr. Both vehicles 
stage at 7000 fps to provide heat sink booster 
compatibility. 

Por comparison with the two engine design, a 
single engine NAO at tire same performance level is 
defined. Because of its higher specific weight, the 
one engine design suffers a penalty of 2K Ib in dry 
weight and 7K Ib in OLOW. Hie two-engine NAO 
configuration was therefore used as the basis for 
comparison with the AO vehicle. 
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The results of the parametric size-trending b 
shown in tenns of core and tank inert weights* 
Characteristically, both core and tank inert weights 
grow at an increasing rate as V V ( a ge drops. Higher 
ideal 4V and AV losses combine to increase pro* 
peQant requirements non4ineatly to as to drive 
tank weight and core engine weight up sharply. 

At a fixed V,j a core weight reduces as 
thrust drops; tank weight exhibits a reverse trend 
below T/W ~ I JO, reflecting a propellant penalty 
based or. higher AV losses, especially at low V lt8 ge. 
However, at higher V t tage. where AV losses are 
less severe, tank weight is relatively independent 
ofT/W. 
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CLOW, 3% shown, roughly reflects the cbarae- 
(eristics of tank rather than core inert weight, since 
propellant weight, which grows in unison with tank 
weight, is the major contributor to GLOW. 

Tbe "Min T/W for ACT line establishes the 
AO boundary; Its shape reflects the fact that as 
Yitage decreases, AV losses increase and a greater 
T/W is required to achieve orbit. Three-engine 
vehicles to the right of this line have AO capability. 
Note that, above 7K fp» V llage . low T/W (< 0.95) 
provides AO capability. 

In addition, fixed engine thrust lines ate 
shown for two- and three-engine configurations. 
The thrust level per engine of 325 K S.L. is esti- 
mated as the minimum stie usable in a 1 2 -engine, 
7K. fps Vjjagc booster, matching the orbiters 
under study. These minimum engine lines thus 
define boundaries for orbiters Intended fox ulti- 
mate use with SSME-powercd boosters using 
common engines. 




Engine Sii* (325KS.LJ 
ir Compatibility: 


T/W Orbiter 
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Total coats for a representative interim pro- 
gram, as shown, reflect the characteristics of core 
inert weight rather than tank weight and OLOW; 
core DDT&E is the major contributor to program 
costs rather than propellant and tank hardware 
for a 12-fligbt program. \ } 

Minimum cost AO (three engine) and NAO 
(two engine) designs are Indicated, at 7Kfps V Ma ge 
(to preserve heat sink booster performance com* 
patibility) and at minimum engine size (to preserve 
booster SSME commonality). The DDT&E cost 
saving of S180M for the NAO is derived almost 
entirely from the deletion of an engine and its 
13Klb dry weight advantage. 
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Reentry trajectories were developed for both 
the one- end two-engine NAO orbitera, based on one 
engiiM out at a nominal Vgtage of 7K fpe. The 
tingle-engine vehicle glides; the two-engine vehicle 
hat powered flight with its remaining engine at 
Emergency Power Level (ERF). and achieves 
roughly twke the down range from separation 
as the one-engine orbiter. Comparative footprints 
are shown for launches into a 55 deg orbit where 
both orblters reach CONUS, and a due East launch 
where both could reach a portion of the Bahamas. 
For a launch azimuth between 45 and 87 deg the 
two-engine vehicle can reach Bermuda, whereas 
the rare engine veliicl# is committed to water im- 
pact. 

As opposed to the AO orbiter which can return 
to its launch site, both NAO vehicles would require 
alternate landing site activation and additional 
mission support effort. 
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In summary, the two-engine NAO b preferable 
to one engine on the bash of weight and minimum 
hunch azimuth restriction. Compared to the AO. 
the two-engine NAO offers a modest weight and 
potential cost saving. However, its cost advantage 
will be reduced when the effort to provide offsite 
reeovety is factored in. 


Since this study was performed on a single 
configuration type (HO with SSME and smdl pay* 
load)., it is recommended that NAO character* 
biles be reassessed for the final shuttle configura- 
tion before the AO-NAO decision to made. 
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NAO vs AO SUMMARY 
(HO - 15 x 40) 


No. of EngiMs 
T/W 


Costs $M 



NAO 

AO 

A. 


2 

3 



09 

U 


Coro 

116 

129 

-13 

Tank 

43 

44 

-1 

Total 

159 

173 

-14 


3640 

3820 

-180 

PAP 

860 

800 

-40 


• NAO Offm Small Potential Savings With SSME 
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As sn example of the reduction in DDT&E 
available as orbitcr requirements we progressively 
relaxed, four cost-saving options arc shown. Com* 
pared to the external LJl, tank baseline (HJ3). 

• . t A. 

• Changing to ’.he extetnai LH 2 plus LO 2 tank 
design (110 1 S x 60) saves S90M 

' • Reducing payload bay length from 60 to 40 


feet saves an additional S144M 

• Reducing the number of engines from three 
to two, and relinquishing abort-iootbit cap- 
ability, produces a further reduction of Sl80.\t 

• Finally, using existing J2 engines and de* 
ferring SSM E development saves another 
>S49M 
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As a result of the orbiter requirements studies, 
we conclude: 

■ * 

• The HO orbiter has a higher cost per flight ^ 

than the II; however, it offeis a reduction ^ 

in peak annual funding, and DDT&E costs, * ' 
and some design and operational advantages 
(simpler propulsion system, and reduced tank 
dispersions after jettison). Further technical 

and tank cost analysis is required to make a 7 ; " 

final determination between the HO and H . 

• A 12-foot diameter payload bay saves few 
dollan ($6M in PAF.SI9M in DDT&E). ‘ 

The reduced capability is not worth the 
saving 

• A 40-foot long payload bay saves a more 


significant amount (S31M in PAP. S144M 
in DDT&t) and is worth considering if /. 
payload requirements, when fully defined, \ 
permit y # , ' ■ 


■ f *b- v - * • • 

Payload bay growth is not attractive when 
potential interim vehicle cost savings ue 
weighed against design risk and cost of re* 


work ' " ,f | ' ' 


• NAO can provide worthwhile cost saving || 
(S40M in PA F, SI BOM in DDT&E) at same; 
Vjjagc and engine size as AO. However ^;; 
operatkinal restrictions and cost of offsite 
operations may considerably dilute this 
advantage 
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CAN WE REDUCE COSTS IF WE CHANGE 
ORBITER REQUIREMENTS? 


1. 


• O nly Hyd rogen External, or Oxygen Too? 

HonH 


• Savss OOT&E Cost Bat Cost/Flight Hijjher 
Technical Analysis Incomplete 


•. x? 


• Small Payload Diameter, or Large? 


:i2*w 


Short Payload Bay, or Long? 


r •?—>%* 

.40* vs so*; 




• Sms $; requirements dominate 
• Can Wo Start With Short Payload Bay & Crow? 



Abort Once Around or Gliding Recovery 
'aOwNAO} * W** Potential 

85 , . 










l 

,V 

We examined these candidates for an interim* 
booster. 



BRIEFING OUTLINE 


1. Can we reduce costs if we change 
Orbi ter requirements? 

2. Which h 'best' interim Booster for 
phased program? 

■rr-[ ' . 

3. How can we reduce overall Shuttle 
program costs? 


INTERIM BOOSTERS 

• SOLIDS (SRM) 

260" vs 156" vs 120" 
o EXPENDABLE PRESSURE 
FED LOX/RP 
vjSTORF.ABLE 

• SIC 

WET AND ORY CRADLE 


^w^yr-i - n -Kg* ? 
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Comparable costs were achieved by placing 
emphasis in these areas, which were chosen not only 
for their cost-driving characteristics but their suscep- 
tibility to inconsistencies duo to differences in 
criteria/groundrules. 











CONSISTENCY 

• Test Kan 

• Development Do’lars 

• Facilities 

• Launch Operations 
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The test program summary for all candidates 
‘ demonstrates this emphasis on consistency and 
dearly shows the developmental status of each 
candidate. The more mature status of both the 
120 in. solids and the S-1C allowed reduction of 
their respective test programs. 
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INTERIM BOOSTER TEST PROGRAM SUMMARY 


* • 
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The it duel ion in atee and the alleviation of 
undesirable motor characteristics were the prime 
factors in the two stage, small diameter SRM evolu- 
tion. The 260 in. single motor , single stage exceeded 
reasonable size criteria. The 120 and 1$6 in. motors 
in the single stage application exhibited unacceptable/ 
marginal bum rates. 
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The (elected point design for the 1 20 in. SFJci 
^ requires • total of seven modified T-UIM solid motors. 
Five 1 207 motors are clustered in the first stage 
while the two second stage motors wcj strapped on 
'to the oebitet external tanfc. Second stage expansion 
ratio is 20:1 compared with a first stage ratio of 9:1 
In order to increase performance capability. Re- 
gressive first stage burning, used to reduce dynamic 

' pressure, causes the requirement fur additional 

<■» 

second stage performance. , . 









Technical emphasis was placed on the definition 
and costs of the subsystems required to make a solid 
rocket motor into a rockri stage. Ihb is a major 
cost driver on the unit vehicle price, and comprises 
the hardware listed. Of these ele menu, clustering : 
structure provides the largest cost impact. In addi- 
tion to hardware, a substantial cost goes tew ate' 
system integration and support software functions. 
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SRM & IGNITER + STAGE EQUIPMENT 
STAGE Step Equipment 

SBM& Igniter • Not* Com 

• IntfrumMtitioft 

• T*te«*try Traounitter* 

' ^ • Thru*t Termination Suck* & Ordnane* 

• Forward Skirt. ' 



CLUSTERABLE 

ChmsrehU f\ 

**: % 


• Clutter Atucb Struct & Separation Mecbamim 

• Separation Moton '„•• '*. ' *.. '' 

• Dertruet System 

• External Insulation , ; 

• Clutter Attach Struct. 

• Aft Skirt 

• Umbilical 

• B-ie Heat 5hleW 

• APU & Fual Handling 

• Norite Actuator* & Servo Valve* 

• Control Electronics & Sensor* 

• Cable* 

• Plumbing 

• Raceway 
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, “ Th« rwficd thrust trace was chosen foi Ihe 120 

in.SRM since use of the existing grain (with less 

/* -t. '' " V * 

thrust, 20%’longcr burn time, and higher losses) 
W uld require an additional motor to meet perfor- 
mance requirements. The minimum development 
of the motor shown represents a lower cost than 
adding an additional motor/ilight. 














UTC 1207 MODIFICATION FOR INTERIM BOOSTER 

Nonle/TVC 
■ Remove LITVC 
Valves 

Forward Closure Segment (Typ) Aft Cloture 

Case Far UTC 120? " Case Per UTC 1207 Mod Grain Shape 

Mod TT . .u . ' Mod Propellant Mod Nozzle Boss 

Mod Grain Shape ; r Mod Inhibitors Mod Insulation 

Mod Propellant ; . Mod Insulation 

Mod Insulation : 
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LAUNCH COMPLEX 39 

(INTERIM 120“ 2 STAGE - HO ORBITER) 


wwc «wwv: 

• tltMtaM-Up 

• OrftkM tM A Urn 

• Accra 

• Mb , ^ 


HO BIH LAUWCHIB MQD t 

• Scnrin Armt 

• Nmr Iwtck Umm A 

• Finn OiltoetiM 

• BropJFwo.tcnrlm 

• Flrlnp Ataami n 


OFHIB lOlWMtgr 
• SHU C/O A Xpert <314.7 

•OitltafC/O <5no.i 



BUBO! I SAFE ARIA (Dim 


CLfcljTwktm // 

//mm 
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The two«tage 1S6 in. SRM boo* ter, shown 
mated with an external hydrogen tank ot biter, 
requires a total of three new SRM't. Two of these 
form the f ft stage while the third motor (iden- 
tical to tlie first stage motors) performs the 
second stage function. Although a size advan- 
tage is seen for the 1S6 in. SRM relative to the 
120 in. SRM, additional motor development 
Is required. 
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The 120 to- 5RM advantage of lower eo*t mote* 

dext^rnwnt *od operational faeiHtktmore than earth 
peuate foil* higher u tiap n (vs motor) ««t$, The 
higher “wage'' cost* derive from the complex structure 
required to chttiet the Urge number of motor* when 

compared to the 1 56 in. SRM. . ' . *■ 
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^AT ISAN EXPENDABLE PRESSURE 


FED (EPF) BOOSTER?^-- ' 


.yww ifcntisra’! . , .••• ;. • 

• Systim Sand On Simple Sellable Engine £ ■ 3 

• Simple Subsystems (U’W Pa(VCoum& y ?:^’V ' ! " 

• Lew Cost Sti Jdure ■ 
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The EPF booster requires four, 260 in. pro- 
pulsion modules in ft two-stage arrangement to 
boost the HO orbiter. With all modules identical 
to reduce development requirements, -three are 
used for the first stage and the fourth performs 
the second stage function. 
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The LOX/RP-1 pressure fed vehicle carries the 
same design characteristics as the NjO^ vehicle * four 
modules In a two-stage configuration. A key differ- 
ence is the use of Inconel 718 for tank material at 
opposed to HY140 seen on the NjO^ vehicle. (HY 
140 has unacceptable fracture toughness at LOX 
temperatures.) 
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’ change* to Launch Complex 39 for bundl- 
ing the EPFS are due to booncr dheckout and the 
need to handle large quantities of booster pro 
pc llant. (The EPFS requirements for ground 
checkout are more costly than those for the solid 

motors.) Tho SRM’s on the other hand require 

larger handling equipment expenditures than 
the EPFS. 
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LAUNCH COMPLEX 39 FACILITY MODS 

UOX/RP 2 STAGE - HO 0R81TERJ 
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The pressure fed LOX/RP- 1 developmental 
status clearly putt it at a disadvantage when com- 
pared with the more mature vehicle pro- 
pulsion system. The Increased stage cost* for 
tho cryogenic vehicle together with this pro- 
pulsion system disadvantage make tire N 2 O 4 
vehicle a dear choice over the LOX/RP- 1 . 
configuration. ' 
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Initial study baselines for the S-IC were “wet 
cradle” configurations based on previous'anaiyses 
for internal tanked orbiters. The “wet” cradle 
moves -OX forward to provide ample control 
authority with standard fins. . 
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INTERIM S IC BASELINE CONFIGURATIONS 

(85,000 LB PAYLOAD) 


1,115.000 LbLOX 
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Cradle: 99,800 Lb 


j H CONFIGURATION 
GLOW • 8.047,024 Lb OLOW • 1,097,088 Lb Vttg. - 8300 fps 
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An evaluation of the bsueline (65 K payload) 
' vehicle performance and trajectory data showed 
that the 50x100 n mi orbit could be achieved with 
approximately 35jOOO lb of unused or biter ascent 
propellant. Utilization of this propellant results 
in an additional payload capability of 4IK for the 
. H and 49K for the HO orbiter. 
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INTERIM S IC MAX. CAPABILITY 



Payload* 105,978 Lb 
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. Taking advantage of tome of the excess perforin* 
ante capability of the S-IC led to the dry cradle con- 
figuration shown here. The dry cradle has sufficient 
. "inert ballast forward to assure boost control. These 
“dry cradle" vehicles shown were the vehicles 
costed. '*• •• 
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THE COSTED CONFIGURATIONS 
DRY CRADLE v 

269*000 Lb 


Ballost 
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GLOW - 6.088.000 Lb ” OLOW - 1,097.000 Lb ; ; Vstg. 6820 fps 
- 380,000 Lb 'M/JJ ? Lb 


GLOW * 6.088,000 Lb 
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HO CONFIGURATION 
OLOW -1,149.000 Lb 
Payload • 65,000 Lb . 


Vug. 6600 fps 
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The interim S-JC program annual costa are 
shown to peak at S86.5M in mid FY 1978. 
Interim S-IC total program costs are $47 1 .3M. 

This program cost data is based on FMQF 
in September 1978 (using S-IC- 14) plus 11 addi- 
tional production vehicles manufactured at a 
rate sufficient to suit the schedule shown. 
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Examining cost variations for the S-1C DDT&B 
versus orbiter configuration shows them to be rela- 
tively insensitive to the H vs HO issue. 
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Com {Mi bon of interim booster annual costs shows 
that funding requirements are minimized through 
FY 80 with the Dry Cradle SIC. 
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INTERIM BOOSTER ANNUAL COSTS 

(FMOF + 11 FITS) 



FISCAL YEAR 





Total program cost breakdowns for each 
booster show the S-1C to be lowest because of 
substantially lower developmental costs. These 
savings bt initial investment offset by a sub- 
stantial margin the associated production and 
operational costs. 
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.‘V. The lowest cost per flight of the interim 
boosters considered is the expendable pressure 
fed storable. Note that flight cost is inversely 
proportional to the initial development invest- 
ment. ■ * • 
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BOOSTER PLUS ORBITER AVERAGE COST PER LAUNCH 
(11 FLIGHTS AFTER FMOF) 
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The j'nitial low development costs of the S-IC 
allow it to absorb the higher'per launch costs while 
maintaining its cost advantage for any program less 
than 30 flights. 
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The S-lC’s cost advantages, due to its low ini* ? 
tial investment, make it a clear winner for a true 
interim program. If the interim program extends, 
the S-IC still maintains its cost advantage up to 30 
flights. Beyond this number, the alternative boosters 
are competitive, although none provide a significant 
cost margin out to 100 flights. 
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INTERIM BOOSTER CONCLUSIONS 

© "True** Interim • S IC Clean Winner 

• "Extended" Interim • Choice Depends on Number of 
Flights 















BRIEFING OUTLINE 


1. Can we reduce costs if we change 
Orb/ter requirements? 


CONCURRENT PROGRAMS 
H33 Baselint 

• L0 2 /LH 2 15x 60 
Limited Capability 

• L0 2 /LH 2 15x40- 

H0/NA0 • low cost 
subsystem • SSWIE 
Saturn Technology 

• BI/811 Capability 
15x60 


2. Which is 'best' interim Booster for 
phased program? 


3. How can we reduce overall Shuttle 
program costs? 
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Starting from the baseline H33 space shuttle 
(external hydrogen tank orbifc'/lieat sink booster) 
there are three available courses for reducing over* 
all shuttle program costs. 


First wc can retain the concurrent program 
and reduce peak funding with a delay in the first 
manned orbital flight (FMOF). Alternatively wc 
could delay the space shuttle main engine and 
proceed with existing Saturn technology using a 
J2 engined orbiter with an F- 1 -engined HP 
booster. 


Secondly we can select a phased interim 
program which permits us to meet the scheduled 
FMOF for the orbiter with an expendable booster 
thereby delaying development of the reusable 
booster until we have passed peak orbiter funding 
requirements. Thus the interim program is planned 
at the outset to become a fully reusable system as 
soon as available funding will allow. 

The third alternative is the extended interim 
program. In this program the expendable boosters 
would be able to operate economically at lower 
4 traffic rates (I0Q/200 flights vs 445 flights) and 
thus permit a longer delay in phasing the reusable 
booster. 
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HOW CAN WE REDUCE OVERALL 
SHUTTLE PROGRAM COSTS? 
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Fof the three reusable orblter/boostcr con- 
current development programs shown, the key 
issues are: ■ 

• To what extent can peak shuttle funding be 
reduced if we maintain basic requlremeuta 
for planned FMOF and the five orbitcr / 
four booster operational fleet? 

• To wliat extent can peuk shuttle funding 
be reduced if we changed basic program 
requirements for FMOF, full system 
capability and the shuttle main engine? 
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CONCURRENT PROGRAMS 



HJ2/R-SIC 


LOj/RP 

15X60 

J2/F1 
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We have updated our baste assumptions to the 
MSC cost and schedule groundruijs for the extended 
study. The new program milestones (namely phase 
C/D go ahead and FMOF) allow four more montlis for 
overall development than those considered in our July 
H33 Cost and Schedule Estimate Plan. Wo have added 
another production orbiter and booster to obtain the 
stipulated fleet size of five orbiteis and four boosters. 
No learning has been considered for the manufacture 
of reusable flight vehicles. A 90% learning curve was 
used for estimating expendable tank costs. Wc have 
also assumed that no j jound test hardware will be re- 
cycled for operational use. 
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KEY COSTING ASSUMPTIONS 
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There are three ways to reduce peak funding 
requirements for a reusable orbitcr/booster con- 
current development program. 

First, defer the manufacture of production 
vehicles not required to meet FMOF past the peak 
funding years. Tills requires that the' program be 
initially planned and managed from the outset to 
meet this cost objective. For example, we would 
plan to make dual use of key manufacturing 
personnel by relocation to support flight test 
operations, maintain tooling and equipment, 
maintain flight vehicles, etc. Accordingly, we 
would also delay material procurement to 
meet the production schedule. 


Secondly, delay the scheduled FMOF to a 
point where a slowdown and corresponding 
stretch out in the overall development effort will 
also reduce peak funding. 

Third, plan the initial flights with low cost 
vehicle subsystems. Low cost subsystems are 
synonontous with reduced systems capability, 
such as designing lor a two day APU-battcry mis- 
sion instead of a seven day fuel-cell mission. Alter- 
natively, it could also mean designing with exist- 
ing technology and not upgrading at a later date, 
such as switching from a cryogenic AC PS to a 
hypergohe ACPS. 
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APPROACH TO REDUCE PEAK CGSTS 



• Defer Production Vehicles - 
. • Delay FMOF , 

• Use Low Cost Subsystems ^ 






There are two general categories of available 
schedule options, those that maintain the baseline 
September 1978-FMOF (Option A) and those that 
delay FMOF (Option D-3). ' 

A further alternative within the baseline FMOF 
milestone lies in varying the production rate planned 
for the three additional orbiters (and two additional 
boosters) required for opera! ions but not needed for 
development flight testing. The choice lies in main- 
taining a continuous production line between flight 
vehicles 2 and 3 versus a planned production delay ' 
keyed to the operational capability (OC) milestone. 
In the continuous production schedule all major 
articles, including lire structural and propulsion test 
articles, are built on four month centers. In our 
baseline Option A schedule, only tlic development, 
ground, and flight test articles are built on fovr 


month centers. Fabrication of the third fl’ght 
vehicle start* 26 months after the second flight 
vehicle. The remaining vehicles arc then built on " : 
seven month centers. ' ~ > - 

in Option D-3, Ff-JOF was delayed to the end ■ 
of the decade (December 1979). With IS months : 
added to the overall development schedule wo main- 
tained the same requirements for cnginecrir.g/tooling 
information release a? Option A and then stretched ; 
out the remaining development activity. As a con- 
sequence, the fabrication of major development 
articles was extended to 10 month centers with 30 
months between the 2nd and 3rd flight vehicles and- 
5 month centers for the subsequent production ve- 
hicles. As in the baseline schedule we scheduled 
the 1st flight vehicle for FHF and the 2nd vehicle 
for FMOF. 
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The peak funding relationship for the H33 
baseline schedule is, illustrated by this chart. Peak 
funding (SI .72B) occurs in FY 76. This is attribu- 
ted to SI.38B in non-recurring costs fot develop- 
ment of the orbiter, booster and main engine and 
S.34B in recurring production. The close relation- 
ship between completion of r ihe two flight test ve- 
hicles and peak funding is also shown. 
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The fiscal advantages of keying orbiter/boostt 
production to the planned OC milestone are evident 
when compared to a program schedule geared to 
maintain continuous production. Scheduling the 3rd 
flight article to meet the September 1979 milestone 
for OC will save SI I0M in peak funding. 










One of the methods of reducing peak year fund- 
ing b to extend the FMOF date am! ttretch program 
costs over a longer time period. 

The dotted line on the accompanying chart de- 
picts the effect of a 1 5-month schedule extension to 
FMOF. Note that the early year’s funding require- 
ments are not significantly changed from the baseline 
while a reduction of S320M in the peak year is achieved. 
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Lowest H33 funding requirements are obtained 
by combining the FMOF delay with the use of tow 
cost subsystems oh both orbiter and booster. The 
net effect lowers the peak funding requirement to 
S1J9B. Asa consequence of using low cost subsy» 
term the development cost to FMOF is also reduced 
to $5,298. 
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The team has developed a shuttle program eon* 
cept which we believe to be superior to any of the al- 
ternatives previously examined. It combines low 
peak funding, low cost per /light when operational, 
and both booster and orbitet reusability at FMOF in 
1978 . 
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Early studies of a reusable LOX/RP shuttle 
booster concentrated on internally tanked or biters^, 
with high staging velocity (around 1 0,000 feet per 
second). Use of the RP booster resulted in insuffi- 
cient payloads to meet shuttle i equipments. The 
hydrogen drop tank orbiter concept which allows 
lower staging velocity (around 7,000 feet per second) 
and which allows heat sink booster design permitted 
the use of the S-IC size and liftoff weight with ade- 
quate payloads. This system however did not pro- 
vide the target reduction in peak funding. The fur- 
ther introduction of a block program approach to 
subsystems, selectively deferred or eliminated ccr- 
. lain DDT&E expehdinircs to a more acceptable 
funding level. - 
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REUSABLE S-IC (R-S-IC) CONCURRENT PROGRAM 
EVOLUTION . 











The low peak funding (SI .09 B) associated with 
this program stems largely from the use of existing. 
Saturn engines and the application of a tow ccm 
Block 1/Block II subsystem concept. Early Block I 
operations are conducted with the four vehicles used 
during flight test (i,e.,(vvc arbiters and two boosters). 
During FY75 peak funding, Block I costs (SI . 06B) 
encompass S529M for the orbitcr, $424M for the 
boostei, $17M on the J2/F-1 engines and $90M for 
flight test preparation and management. Block II sub- 
systems arc introduced in the remaining production 
vehicles (three orbiters and two boosters) scheduled 
to phase into operation by September 1981. 
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Wheocomparcd to the baseline 1133 program 
fiscal savings are achievable with the 1U2/R-S-IC pro 
gram both during early bufld up and the period of 
peak funding. Tire HJ2/R-S-IC program saves SI .1 6B 
in total program and S.63B in peak funding require* 
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REUSABLE S-IC BLOCK 1 • II PROGRAM COST COMPARISON 
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H-33 Option A 


Concurrent HJ2/R-S-IC BL I - II 
3 Year BL I Ops 
FM0F2Sept81 
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Groundrules for formulation of the program 
were developed to allow a “product improvement*’ 
growth from Block I capability to later full opera- 
tional capability, while providing maximum suppres- 
sion of peak funding and program cost to reach Block 
1 FMOF. The gtoundrules minimize dead-end develop- 
ments. 
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REUSABLE S*IC BLOCK I BOOSTER CONFIGURATION 
GROUND RULES ... 


• Maintain Heat Sink Structure Concept 

• Structure Adaptable to Full Block II Mission Capability 
Without Change 

• "Concurrent" Development of Orbiter and Booster 

• Maximum Utilisation ct Apollo Hardware & Development 
Experience (Engines, Propulsion System, Etc.) 

• Use F*1 and J2 Engines 

• Wo Redesign of Distributive Systems for Block II 

• H Type Orbiter With Piggyback Mount 

• One Month Turnaround 

• Maintain S-IC Tank Size & Geometry 
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Development* to be deferred were selected on 
the basis *.f significant savings in Block 1 development 
cost while not impacting utility of the Block I system. 
The Block 1 system con cany sufficient traffic to 
prove out the basic capabilities of the shuttle system 
and provide growth in utility to attain the low cost, 
mission flexibility goals of the shuttle. 
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REUSABLE SjC BLOCK M l PROGRAM 
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Btefc 1 

BtorAII 

BOOSTER 

MeinEnglnee 

WIT 

SF-IAa 


Avkmkk 

Commercial Bated. Min. 

Automatic Lending A 



On-Bond C/O 

Complete On-Board C/O 


*CFS 
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Checkout 
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Examination of *11 potentially reasonable liter* 
natives for Block 1 engines led to the selection of 
F-1/J2 as sufficient in performance for Block 1 while 
providing minimum cost. 
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REUSABLE SIC BLOCK I PROGRAM 
(ENGINE SELECTION ALTERNA1IVES) 


Engines 
Block 1 
S on Booster 
5 on Orbiter 

P/l 

28.5° n mi 
Orbit 

Est. Engine 
Cost thru 
Block 1 Operation 
$106 

Advantages & 
Disadvantages 

F-1/J2 

47.000 

61.8 

Fall Back, BEO* 

Least Cost Growth Risk 
Max Use of Available Engines 

F-1A/J2S 

81.500 

217.7 

Eliminates OMS Engine 
Requirement 

No Anded Block II ROT&E 
Cost 

F-1A/SSE 
(250 K) 

107.500 

671.8 

No Ad.led Block II RDT 81 E 
Cost 

F-1A/J2 

65.500 

113.2 

Nc Added Block II RDT&E 
Cost 

F-1/J2S 

64.000 

166.3 

Fall Back. BEO* 
Eliminates OMS Engine 
Requirement 


'Booitei Engine Out 


NOTE: Orbiter Design Payload 65K 
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The (elected configuration it compatible with 
maximum use of existing S-1C structure and systems. 

It retains S-1C tank volumes and propulsion systems. 
The delta wing can be integrated with the S-1C struc- 
tural arrangement. In comparison to a hydrogen boos* 
ter, its dry weigh! (553,400 lb) is 1 5% greater, but its 
size is smaller, with 22% less total wetted area. 
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The aerodynamic configuration is stable and 
trimmable. Similar to a delta-wing orbiter, it provides - 
some commonality with the orbitcr in configuration 

. * • ' ■ *' i* - 

development. 
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REUSABLE S IC BOOSTER 
LONGITUDINAL TRIM & STABILITY 
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The structural design has been developed In suf- 
ficient detail to assure integrability wills the S-1C, de- 
fine - ijor structural interfaces, and to determine ap- 
plicability of recosting S-IC hardware. These designs 
have been analyzed for structural loads and heating 
histories based on ascent anJ descent trajectories 
generated for the R-S-IC system. 
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WING INSTALLATION DETAIL 

I J 2 IJ 


.Thrust Shell 

,Wing Upper 
.Surface 
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APOLLO COMPONENTS UTILIZATION 

BOOSTER 

• M Engines 

• LOX Tank 

• RM Tank 

• Fwd Skirt , 

• Intertank 

• Thrust Structure 
® Fairings & Fin* 

• Propellant Delivery System 

• Propellant Pressurization System 

• Subsystems 

• Retro-Rockets 

ORBITER 

• J-2 Engines 
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Cost difference* from the baseline 1133 Booster 
were developed in detail, and analyzed by association 
with specific change! to ensure understanding and 
credibility. These changes included those that would 
increase costs as well as those that would decrease 

costs. As an example, the design and construction of 

a forward fuselage to accept the greater number of 
| airbreathing engines (12 instead of 8) resulted in a 

j cost increase of SI 2M as shown. 
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BOOSTER AIR FRAME COST SAVINGS 

(DOES NOT INCLUDE TOOLING) 



• No Horizontal Stabilizer $ 34.2M 

• 12 A/B Engines Instead of 8 S-12.2M 

o Simpler Thrust Structure 

Because of Fewer Main Engines $ 19.4M 

• Simpler Uninsulated BP 

Tank Instead of LH 2 Tank $ 20JM 

• Other S -6.0M 
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Tire direct engineering effort included In the 
reusable S-IC program cost estimate is compared 
to actuals for the 747. S IC and SST programs. 
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REUSABLE SIC BOOSTER DDT&E 
TOTAL DIRECT ENGINEERING EFFORT 
(COMPARISON WITH 747, SIC. AND SST PROGRAMS) 


Program 


747 

SST 


S-IC 

H-33 

R-S-1C 


Total Hours Remarks 

(Millions) 


17.1 Thru 1st Airplane 

18.1 Design, & Test of 2 Prototype 

Airplanes Plus 100 Hours of Flight 
Tost 

15.1 To First Launch 

40.9 Option A to Sept- 1081 

37.7 Block II FMOFfSepc. 1981) 
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Applying the proven Apollo technology engine* 
to the shuttle can cut engine cost* in half. A* shown, 
the F*1 A and J2S engine modification* can be pet* 
formed at a low funding level over a long period. 

Basic performance of the !•*♦! A and J2S have already 
been detnonslraied (Ref. NAS 8- 1 8734 and NAS 8- 19). 
The remaining task Is to demonstrate engine life 
extension. 
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EXPENDITURES IN MILLIONS 




MAIM ENGINE COST 

REUSABLE S'ICwH 33 
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Approximately equal, and acceptably low costs 
per flight, are demonstrated by the fully operational 
H33 (SSME orbiter and booster) and the 049 Block It 
(F-l A booster/ J2S orbiici) shuttle systems. 
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The breakdown of IU2/R-S-1C Block 1 develop- 
ment cost to FM01 ! shows the result of using low cost 
vehicle subsystems and existing main engine*. Ihe - 
total Block Ml cost to Block I FMOF is $5 .3 IB. 














ftV have concluded <>» ihf basis of tht foregoing 
anaiyjis tlwt the reusable SIC boost* 1 mated erith *n 
externa) hydioger. tank J2 whiter is best able to re- 
tain NASA shuttle program > 8 thin prrbablc 
funding limitations. It pros ides a development pto- 
gjam wltich meets performance requirements. maker 
nuxitnum use of ApoHu/Satuw c.spetlcnee and 
available off ilK-dwtl equipment, has no major 
dead ended developments and has significantly lower 
funding and technical risk than any concinrent prt>- 
gratn analyzed to date. In addition the reusable 
Block I II program results in lowci total program 
costs and operational cost per flight (under $5M). 







CONCLUSION 


REUSABLE S-IC/BLOCK t-ll PROGRAM 


• Reduces Peak Funding SGOflM (DD1 &E S3.64SB (Block I) 

• Reduces Program Risk . 

• Makes Maximum Use of Available Hardware 

• Eliminates Dead Ended Development 

• Reduces Cost ~'$1 IT 

• Cost/Flight Close to H-33 
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There are a number of area* In which the Block 
1-11 approach can be applied to the orbiter to achieve 
appreciable saving* ($i t ,39B) ialhe early part of the 
program. Several of these (avionics, power. ACPS) 
g 3 ln from common usage between the orbltei and 
booster 
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The design definition was utilized in a bottom* 
up cost analysis to determine funding level reductions 
and cost savings over the comparable H33 (hydrogen 
booster) program. Roughly two thirds of the savings 
are due to the LOX/RP-1 selection, witli the other 
third attributable to the Block Ml reusable S 1C 
program approach. 
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REUSABLE S-IC BLOCK I - II SAVINGS OVER H*33 BASELINE 
PROGRAM 



Peak Year 11976) ’ 
Savings 

Booster 

$202 

• Main Propulsion 

45.0 

• Air Frame 

75.0 

• Avionics 

65.0 

• Tooling 

fOiU) 

• ACPS 


• Other 

-122.7 

Orbiter 

205.7 

Mam Enyinf 

153.0 

Flight Test & Operations 

15.6 

Mgt 

28.4 / 


m 


Total Savings 


$503,0 
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In addition to the seuwhW SdC approach for 
gettinf costs down (as dtwuucd on the preceding 
p ^ M) we evaluated whet could tx achieved by 
pulling out all the slop* on requirements reductions 
fyi 4 co'ogcntc (high pressure engine! concurrent 
program. This clurt demonstrates a typical example 
of this limited capability 4 all cryogenic approach 

• Payload bay is decreased in tiw 

• Pay bad weight is decreased 

• Low <o*t tubsy stems arc used 

• Aburt-lo-orbii capability is relinquished 

• f MOP is debyed 1 5 months 

Relaxing all of these const faints reduces peak 
annual funding from the baseline peat of SI .! It to 
SI .1 2 B and total program costs by S I .Sbll. 
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UMITEO CAPABILITY SYSTEM 



• Delay FMOF -15 Months 

• Low Cost Subsystems 
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This char t compares ihc baseline H33 program 
to a delayed FMOK/low cost subsystems H33 pro- 
gram and to the limited capability NAO-llO/HSB 
all cryogenic approach defined on the preceding 

pag«- 

FMOF delay combined with low cost sub- 
systenu reduces the peak S530M and reduces total 
program S1.2B. Payload reduction and no-abort* 
to- orbit reduce the peak another S70N1 and total 
program an additional S675M. 
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H33 - 15 x 60 vs HO 15 x 40 NAO COST COMPARISON 
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Tbt tU^/R-S'lC program can achieve Ihc same 
reduction in ftw ii funding from the I13J baseline at 
the two K»w cost ndwystenvpfOgranii with delayed 
^MOF. Toe (iitTeicncc between the low cost Hid 
1 5x60 and HO 15*40 NAO programs with the 
HJ2/R S-IC is only StOONV The HJ2/R S-IC 
program, which readies an easier peak 0 ; Y 1^75) 
due to its earlier FhtOh i folic* upon its application 
ot txiiling J^F-l engines to minimise peak funding 
requirements. Accordingly it also lw* the lowest 
development coat to 1' .MOT 
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Our studies haw shown pul I lie boM way to ? 
minimize 1133 baseline funding requirements (Aw 
Sept 78 FMOT), Is to toy (^ production vehicles 
to the planned OC rntjestunc. Ih addition. wv lnve 'c 
shown that tba- (imdhtj* requirements for ihe base- . 
line 1133 cuiicnirqnt (taigi9ni(H.72B)cun be re* * .-• 
duml by another SSlRMiOQM. A reduction of this 
magnitude necessitates a change Jr shuttle system 
requirements and gioundtuks.' This can be accom- 
plisltcd in two ways: fust by using low cost sub- 
systems with 3 delay in FMOi ; _»«d second, by 
using existing Saturn engines. The combined 
effect of delayed I'MOI* and using lower com 
(limited capability) subsystems will achieve the 


maximum saving for the 1133 baseline ( I $xf<0/65K). 

If we go to a limited capability desigr. with a 
smaller and lighter payload (> 3x40/45K> plus' 
no abort iomrbit capability. the overall cords may 
be reduced further. The dlffcrciKV in total p»U3?cnt 
costs between the I5x4t) NAIM 10 and IU3 
flSxAO) is only S675M aid S70M in peak funding, . 

The .HJ3/K-S-IC program Uses existing. 73/1- ) ‘ - 
engines coupled with Block Ml subsystems to 
achieve an equally low funding requirement. By 
excluding the development of a new shuttle tunin' 
engine, the IIJ2/R-.VIC is able to provide full systems 
capability (i.VctiO/OSK), lowest pcifc funding, and 
lowest development cost to Sept 78 PMOI-. 





CONCURRENT PROGRAM CONCLUSIONS 



• Key Production Vehicles to Planned 0 C 

• To Reduce K-33 Baseline Funding 

- Delay FMQF 

- Use Low Cost Subsystems 

• Limited Capability (15 X 40 NAO-HO) vs H-33 (15 X 60) Savings 

- With Common Subsys, $67 5M Total Prog. S70M Peak Funding 

- With Low Cost Subsys Ouly NAO. S1862M T otai Prog, S280M PA F 

• $1.1 - » 2B Peak Funding Achievable Two Ways 

- H-33 or Limit Capability with Low Cost Subsys/FfdOF Delay 

- HJ2/RS-IC (Sept 78 FMOF) 

• UJZ/RS-lCProvides Full System Capability At Lowest Peak 
Funding And DDT6E to FMOF 
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BRIEFING OUTLINE 


1. Can we reduce costs if .ve change 
Orb iter requirements? 


PHASED PROGRAMS 

H33/S-1C**- HSB 
15x60 

Limited Capability 
H0/NA0/S-IC — HSB 
15x40 

Saturn Technology 
HJ2/S-IC-* R-S-IC 
15x60 


2. Which is best' interim Booster for 
phased program? 


3. How can we reduce overall Shuttle 
program costs? 
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For the three phased program configurations 
shown, the key issues are: 

• What b the required interim operational 
period to minimize peak annual funding? 


& 



• How can peak shuttle funding be reduced 
if we ctiangc basic program requirements 
for full system capability and the shuttle 
main engine? 





PHASED PROGRAM CONFIGURATIONS 






The phased program groundrules shown con* 
form to those established by the NASA/MSC Cost 
Analysis Branch on July 12, 1971 and forwarded 
to the Phase B study extension contractors. 





PHASED PROGRAM GROUND RULES 


• Orb iter 

- ATP April 72 

- FHF May 77 

- FMOF Sept 73 

- 5 Flight Articles 

• Interim Booster 

- Option A- 0 Flights 

- Option B - 9 Flights Sept 78 - May 81 

- Option C - 12 Flights Sept 78 - May 82 

• REUSABLE BOOSTER 

- Option A • FMOF Sept 78 • OC Sept 79 

- Option B • FMOF Sept 81 • OC Sept 82 

- Option C * FMOF Sept 82 • OC Sept 83 

- 4 Flight Articles 
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In addition to (he NASA phoned program 
ground rules, the following additional groundrules 
were established by Grumman/Uocing and included 
in all phased prog; am costs: 

• Reusable Booster Sustaining - An annual 
cost beginning with program award and 
continuing until reusable booster DDT&E 
build-up. It covers the cost of such items 
as monitoring urhitri progress and assuring 
orbitcr/booster interface maintenance 


• Orbitct Conversion • Covers the additional 
cost of converting orbiters used in the 
interim program to operational program 
configuration 

• Added Wind Tunnel - Cost arising from 
additional wind tunnel testing in the interim 
flight configuration 

• Orbit cr Flight Control - Additional avionic 
hardware/software required to control the 
interim booster from the orbiter 






INTERIM PROGRAM COSTING ASSUMPTIONS 



e Reusable Booster Sustaining, S25M Each Year of Delay 
• Orb iter Conversion Interim/ReusaM* Booster. S50SA 
o Added Wind Tunnel Separation Tests* S10M 
© 0 (biter Flight Control Avionic/Interim Booster Interface. S5M 
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With postpone. «ei-i =. ' reusable booster develop- 
ment, much of the technological risk involved is re- 
moved. Technological problem solutions achieved 
during orbitet program development wid be adapted 
to the booster during its initial design phases; rather 
than during advanced design where technology changes 
impose redesign requirements. Booster development 
will be undertaken during a period when the orbitcr 
is fully developed with the major pot lion of the 
booster development occurring after the otbiter has 
begun horizontal flight testing. Due to the low 
flight rate during the interim program, the two 
oibiters procured during the test phase are adequate 
for the interim flight progrant. Additional otbiter 
production may therefore be delayed to control 
peak annual funding requirements. 
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Interim booster development, procurement, and 
operations costs are a very small part of annual pro- 
gram funding. However, they allow sufficient delay 
in starting the reusable booster program to keep 
annual funding to approximately the SI. OB level de- 
sired. In addition DDT&li remains below the S5B 
level tlirough FMOF. 

The high interim flight cost is due mainly to 
the limited learning attendant with the short interim 
booster production and operation. The low flight 
rate defined for interim program (3 flights/ycar) 
results in largely sustaining operations manpower 
costs. However the low total number of bunches 
in the interim program adds only 4% in nonrecurring 
and 4% in recurring costs to the concurrent pro- 
gram. 







H-33 (15 x 60)/S-IC - HSB PHASED INTERIM PROGRAM 
(4 YEARS INTERIM OPTION C) 










The lower costs for the United capability phased 
interim program is achieved through the reduction in 
orbitcr size stemming from relaxed abort requirements 
and low cost subsystems. These cost reductions occur 
early in the development cycle and are print; rPy re- 
sponsible for the reduction in cost to FMOF and force 
the peak funding yer-r to 1‘>S0. In this phased pro- 
gram, the effect of tire reduced orbiter si/e on re- 
ductions in booster size and cost counted with reduced 
orbitcr operations costs are the major contributor 
to reduced j»cak funding in 1980. 







LIMITED CAPABILITY PHASED INTERIM PROGRAM 

(15 x 40 NAO HO/S-IC -HSB - LOW COST SUBSYSTEM) 
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Another alternative directed at maximum re- 
duction of early development costs involves use of 
existing Apollo-dcvclopcd hardware. Through use of 
J2 and F*1 engines, S-1C ayo tankage in the booster 
and low cost subsystems as previously described, peak 
funding can be reduced to S1.09B. By phasing the 
IIJ2/R-S-1C progrant with an interim S-IC for a four 
year period, peak annual funding requirements can 
be further reduced to below S900M and DDTdtE to 
FMOF can be reduced to S6.25B. This represents 
a substantial reduction in funding requirements in 
the early years of the shuttle development program. 
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Comparison of phased interim programs shows 
the substantial reductions that can be achieved with 

the full capability IU2/S-IC * R-S-IC approach in 

cost to FMOF, peak annual funding and early funding 
requirements. The IU2/S-1C — — R-S-IC full cap- 
ability program is competitive from a cost stand- 
point with the limited capability N'AO-NO/SiC 
I1SB program. 
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Our studies have indicated tiut through pro- 
gram phasing, several configuiaMona) approaches can 
achieve NASA’s desired goals ot SI. OB peak annual 
funding and S5.0B lor development costs to IMOf . 
To achieve minimum peak funding, both a lour- to 
five-year interim operational period and arbiter pro- 
duction phased to support the reusable booster 
operation arc required. Those items are necessary 
to afford sufficient uncoupling of the oibitcr and 
reusable booster peak funding requirements. 

Further extensions of the interim piogram 
beyond five years will inn ease interim piogram 


costs and have no further effect on peak funding 
since the otbitcr and booster are tully uncoupled 
and the peak funding requirements are being driven 
by the individual orbitcr and booster funding re- 
quirements. With the addition of low cost subsys- 
tems in the iuitial operational phase nnd extensive 
use of presently developed hardware, peak funding 
can be furtlier reduced to below* S900M. 1 be 

1U2/S-IC ►R-S-IC combines all these funding 

advantages and achieves the lowest peak funding 
and llw lowest development cost to I MOF of all 
"the configtuatiatts studied. 
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CONCLUSIONS, PHASED INTERIM PROGRAM 


• 4-5 Yean Interim Operation Required for Minimum PAF 
e 0.85 to 1.0B PAF Achievable 

• HJ2/S-IC-*R-S-IC Lowest PAF & DDT&E to FMOF 

• Orbiter Production Phased to Support Reuseable Booster 







EXTENDED INTERIM PROGRAMS 





The “extended interim” program represents 
a possible alternative to either the concurrent or 
phased interim programs. This approach addresses 
the case in which lower traffic rates are anticipated 
over an extended time period. Higher cost per 
flight is balanced by the e.nly savings accruing 
from extended deferral of fully reusable booster 
development. 

Three candidate configurations, each 
utilizing external HO tanks and an expendable 
booster, have been evaluated: 

• Thrust Augmented HO - Km ploys twin 
lSfvjn. rolid rockets burning in parallel 
with three oibiicr inounted High pressure 
engine* 


• Pressure Fed Storable - Utilizes a two 
stage N 2 O 4 /UDMH booster burning in 
series with a three-engined orbiter 

• Two-Stage Solid - Uses a total of seven, 
7-segment solid rockets burning in a 5-2 
sequence. Orbiter characteristics are 
identical 10 those of the pressure fed 
storable configuration 

AO orbiter configurations are sized to ac- 
commodate 15-foot diameter by 60-foot long 
payload dimensions. 

This facet of the ASSC study extension 
effort is directed toward the determination of the 
best configuration for the extended interim applica- 
tion in terms of lowest cost, lowest technical risk, 
and most acceptable operational characteristics. 


226 









EXTENDED INTERIM PROGRAMS 


• Lower Traffic Rate 100/200 


Peak Funding ~ SIB 
Medium Cost/Flight 


Phased Into KSB 




Thrust Augmented HO (TAHO) 







Pressure Fed Storable (PFS) 



2-Stage Solid (SRM) 
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The thrust augmented 1 10 configuration com- 
prises a thrce-cngined delta-wing orbiter, a belly- 
mounted external HO tank sized for orbiter burn 
from liftoff to injection, and two fixed-nozzle, 
156-in. diameter solid rocket motors side-mounted 
to the HO tanks. Orbiter engines and the SRM’s 
are burned in parallel up to SRM burnout/jettison 
at 5168 fps. Orbiter engine burn continues through 
injection. Control during boost is provided by 
orbiter engine thrust vector control. 

Tire bulk of the orbiter liftoff weight of 1 ,73M 
lb is attributable to the 1 ,41M lb of main injection 
propellant required for burn from liftoff to orbiter 
injection. Lightweight HO lank design is acheived 


on this configuration by pickup of SR.M thrust loads 
and LO 2 tank drag loads nt the orbiter forward 
attachment point, thus reducing the axial loads 
sustained by the aft-located external LH-, tank. 
Downstream introduction of a tandem-mounted 
heat sink booster would require external tank 
redesign to accommodate introduction of axial 
loads at the tank aft end. 

DDT&E and total cost to first manned 
orbital flight are S3860M and $43 10M, respec- 
tively. Peak annual funding required during 
development is S974M. Total program costs 
for 100 and 445 flights are S6.7B and S9.5B, 
respectively. 
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THRUST AUGMENTED HO 






The pressure fed storable configuration utilizes 
a 1.13M lb externa) 110 tank orbiler plus a tw<*-stage 
expendable liquid rocket booster consisting of four 
identical tankage/cnginc modules. The three out- 
board booster modules, clustered at 120 deg intervals 
around the core module, comprise the booster first 
stage. The core module provides second-stage thrust 
and also serves to transmit both first and second 
stage thrust loads to the external HO tank via a 
conical interstage skirt. First and second stage 
burnout occurs at 2875 and 6200 fps. respectively. 
Control during boost is provided by liquid injection 
thrust vectoring of the booster engines. 


Orbitcr main propulsion consists of three 
higl (-pressure LCfyl II 7 engines each providing 
483 JOQO lb vacuum thrust. Booster engines 
utilize N 7 O 4 /UDMH pressure fed propellant. 

Sea level thrust rating of each engine is 2.4M lb. 
All-up weight of the stacked confirmation is 
5.R6M lb. 

DDT&K and total cost to first manned 
orbital flight are S40G0M and S5 I00M. respec- 
tively, with peak funding totaling slightly over 
SIB. Total cost for and 445 ihght pro- 
grams arc 56.9B and > 1 1.2 B. respectively. 
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Tlie “tv/o-stage solid” configuration employs a 
1 .1 3M lb external HO tank orbiter (identical to that 
used in the pressure-fed storable configuration) plus 
a two-stage solid rocket booster comprising seven, 
120-in. diameter SRM’s in a 5/2 configuration. The 
five-engined first stage cluster is tandem-mounted to 
the external 110 tank: thrust loads are transmitted to 
the lank via a conical erstage skin. 

The second-stage SRM’s are installed sym- 
metrically on each side of the external tank in the 
plane passing through the lank centerline. Mov- 


able nozzles are incoiporatcd on all SRM’s to 
provide thrust vector contiol duri'.g the t'oost 
phase. First and second stage br.rnout velo- 
cities arc 1952 sard 617X ip$ respectively. 
Lift-o(T weight of the configuration is 6.G4M lb. 

DDT&E and loial cost to FMOF arc 
S4000M and S4910M, with peak funding total- 
ing S995M. Cost per fligl.:, on a three flight 
per year basis U S4 1 .KM. Tola) costs for 1 00 
_ and 44.- flight programs arc S7.7Band S14.5B 
respectively. 
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Basic configuration chaiactemiics and costs are 
summarized in the table opposite. Significant points 
are: 

• All orbiters are sized for the same payload 
volume: expendable boosters for the PFS 
and the two-stage SRM are sized for 45K. 
payloads rather than 65K 

• TAI 10 external tank dry weight constitutes 
a higher percentage of total (core and 
tank) dry weight as a consequence of 


the parallel bum approach 

• The twin fixed-nozzle SRM’s utilized in 
the TAHO configuration represent the 
simplest booster configuration of the 
three alternates considered 

• TAIIO costs arc lower than those of the 
PFS or two-stage SRM configurations, 
particularly in the area of cost per 
flight (lower by 227a and 36% respec- 
tively on a three flight per year basis) 
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The chart opposite reflects a comparative eval- 
uation of the thiec candidates for an “extended 
interim*' program in terms of program costs and 
key pcrfoimance/operational parameters. Where 
one configuration exhibits a clear advantage in a 
given evaluation category, the appropriate para- 
meter has been “boxed”. 

Although all candidates represent tech- 
nically feasible approaches, it is concluded that 
the thrust augmented HO configuration affords 
the best selection on the basis of cost, technical 
risk, and operational characteristics. 
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SUMMARY EVALUATION ALL PROGRAMS 





REPRODUCIBILITY OF THE ORIGINAL: PAGE IS- POOR. 
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,i«;u vi t v !k ' ‘ AW ' 

l*ut tlu'f whipm- i- 1 1 ‘ ‘ - hr 
Icon '>i it even * ’• ,s e* *•- b* .1 .• -> "• ■ •* extension 
uf*'M4»i*v S IC 5 >C*’'Uty. 


l-iir.t the t. h.citon o! V * • 7Wfo tps by 
h;i vliiun^ of c,\.c Ji.ii unk • •• hr. •••'• . . ally .ticu»avd 

the S It pcifom flee ittaiy:;! e.'ti in design 

limit lot the Of' .ter. 


Ne\t the ! • • fi:i me lift, .it »*>». v't \> » » — ) v." 

dr.oin..'. -I h> U.c "v el uadle i . .. (>t until). b> 
n i 3 . , m > a LON : id. tutu aid in ti.v hack. 
i in' l.nmih eg fo;v . i.i iai e tough u> rcrct.in '-hhin 
tl„. s It - engine /i.Vi'mI conkul capability. i !••.» »*:- 
V! »h.'il -i iclativctj i liiple Uvti 

uii).t!!i.,:iliun, Ivi n.vctllwlav. . tvotliuealio'.i. 


finally the "'.vet eratitc" icir. been supphmeu 


lr< t'n- . c: ii"e" ; pprua-h ''.Inc!'.. h_. further taking 
jiiwiUijA* ^1 the ^ **. ioi nxitJL’c tni'rjun* gets 

the . g v. :• kin > K ginh.il «..ip.:hilif) living fi.Ni.il kal- 
i.-il ttori.iv-u ) .i> the cradle. 

Ttni Miiiplitiotioii imijilcd >'• .tii TbC/MS! C 
Ci-st i eductions deafly d'-va lire S-5C tv be the be a 
peu'i.'h'.e inicinii biKiiier choke. 

Since the o-sl tier flight of an expendable in- 

S ’C is !>•. h. h i.i uti'y com effective >• p' - . -d 
.:-jt a iter icijliw. Uw (.ijipri'.Niitijiciy t .ts. 

Cj.i the uit.c. h.n.it. to keen jv.»ii annual iui'ilc 
iliiw:; we r<v<>!ti;n->id delaying HSU ‘nr.ihne 
t'jildopa ndriiniuin t'i tout jurs. 


inlet hr. buai'.f funding r..;e.i.'»..er.tsnie is.-ri.- 
fore based on a bunch rate • !' Hi: . . per year. I’eak 
annual fundi.;:; oa. : dug '•> f> i* •>< Sieved. 
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Reduction of V N , to fp. Sv the — ! ti i - 

ii :2 id evict nul tank oibitvrs it :s 1 1 . rd the S-R' o.-r- 
foi;...ncv margin suiticicntly to* _• hea: sink folly rv- 
uial*|. S-1C hoostci to be coustdeicJ. i he revt’;i-ie 
shuttle system meets ab of the basic shuttle objectives 
{lull it u jhiluy. low cos; pi t iiici.t, oily FMC*') 
with a concurrent fvegtam wh*ct» has a substantially 
ratlin cd peak annual funding requirement (S’ .Ovlt vs 
lot the baseline system). 

1 his has been achieved hv making effective use 
of A;x-’h> Satuni I. chnoJvey t’j.oueb e’rn-na'ing (It - 
vek»;:itte.M of a new 1: jotter prop-..!>,«.-i: system. 
thfi>..gii use of tiie J Z enci..c in ti.e otbii.r. ai’-.l 
• ll:o he iijiii.s! u-.-ol low cost t If 1 >ek I) subsys- 
tem. v ;u flit vehicles J':ov i- ••->•'> for chettj covet to 
opera: ti'ncfiy m»»re <.Ls":»blc ( Block i! > ini ’system 
featu.es, once the fumi.uc. . r.t lias 

been pav-od. ate i-.eltiocd at coo t tinuie for 
this i-tov .mol 
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CONCURRENT i L’C CRCITER/R— S iC BOOSTER 
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Phasmc an interim expendable "dry cradle" 
S-iC (approximately 12 flights) witn a fully reusable 
"winged” S-IC takes maximum advantage of existing 
Apollo/Sat urn technology. By combating the basic 
featuies of the two programs described on the im- 
mediately preceding pages, ilre lowest possible peak 
annual funding is achieved, eh basic Mitittii objec- 
tives arc met. and an operational cost per flight com- 
petitive with the baseline s_- stem is tealivccd. 
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The t In us; augmented external HO tank ' 

(7 A IIO) system is a derivative of the A3.\ parallel 
burn ‘ stacc-arui-a-hul!” confj ‘■•.ration of the original 
ASSs' -.ruvly. It features siuy!.-. r’.rep-on. fixed noz- 
zle I t'C-in. SRM's. an SSME poc.vred orbiter and a 
huge externa! 110 tank. The "J ATO booster" sittipli- 
ciiy »>f this system results in low peak t undine ic- 
t|i'i;ein.':.i> to l-'MOl- (ap'piu.xioia'.cly S I B) end 
medium costs pet flight (x'o.f'.M average for the first 
12 nights am! ! fr.ftM average for -i-15 iliglits). Three 
ojveratiotra! drawl* .••.Ts to this system are apparent: 
(MSRM exhau .t products it hfiofi: ( 2 ) the dropping 
ofa pair oi STM cases on each flight, and (3) insuf- 
ficiently low cosi/lii/h: to capture nil puiemie* shut- 
lle tr.it tic. Ail three ot these di/iul vantages eu-...*2 he 
o-erco.me by st.vt t ini', up a pirsxcd reusable booster anti 
smaller liO after funding icoi’trer.ici'.ts for the 
initial system du.-p off t t.c.. tie'.. ,tsrreani of BY 7ti). 
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liy p!o'.:ni.: 
the various proera 
relative (o otu- Jo. 

AH of l i iv p 
arc grouped at a : 
tluufore the up- 
held down f • * .!■' !■ 
object nc ofi.lel.it 
funding. V/e be!;, 
if'.'jie! v t !u c .* rlici 

All of t i:c e.'- 
nv:ti:3!'‘ i.'ims ; . : 
lowest overs-! ^e,i! 


cost per r.ieilt v; total cos- u> f NH , 
r.t alternatives can be readily asses eJ 
>ih«-i. 


4-1'' flights, tli'e extended interim programs arc not 
su'ficicntly competitive to capture all potential 
traffic. 


i' oeu interim program cost results 
. larivcly high cost per High? am! 
o! an interim booster should be 
•v. as possible while mcertng.lhc 
■I!- ;.'i! sable booster development 
-.c :!>.:t 12 flights a! n rate of approx- 
lit - per yea: would be stilficicnt. 

.ter.Jcd interim programs have inter- 
!:‘--j;t with tiiv. TA!!() mowing the 
to i-.MOF. hvert at the e.xtiemc o( 


The concurrent baseline 1133 program has the 
desired low cost per flight but is expensive in cost to 
1 ; M01 : . Delay of FMOF drives peak funding down but 
understandably' makes little difference in total cost 
to IMOF. 

The I1J2/R-S-IC (RIM) concurrent program 
with a cost per flight competitive with the baseline 
and a significant saving to IMOF (without delaying 
FMOF) is dearly the best approach ro meeting the 
.basic shuttle program goals within expected funding 
limitations. 



SHUTTLE DEVELOPMENT OPTIONS 
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This summary comparison chart is provided 
for ready reference lo ti:c properties of lire vehicles 
discussed in the presentation. 
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1 ire 110 or'vrcr .mproach iratixlcrs struct t:i.:l 
complexity Isom the v hide to ii:c Link and i:ir.!:/ 
blaster mtciiace. 1 lie l-.O cost per Might exceeds 
that ..l ei: 11 oibber. and it now apjv.it s that the 
production cost of an HO lunk/interstagc structure 
will exceed that ot two 11 tanks. Additional time 
veil! he required to more accurately define the 11/110 
relationship. 

Low cost interim subsystems show peak fund- 
ing advantages in :d! programs. The Block I/Block II 
subsystem approach is strongly advocated for the 
shuttle system finally selected. 

Combining the arbiter rccpiiremcnts reductions 
which have been considered (paylo id bay diameter 
am! length, payload weight, no abort to-orbil (NAO) 
and substitution of Jd engines) reduces the baseline 
program peak funding approximately S200M 
and saves a total program cost of approximately 
SI. 05 IS. 
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CONCLUSIONS 



- Less Costly 

- Harder To Uainnca 


® HO Tank Development more Complex 
o HO Cost Per F'iyJit Higher than H 
© Choice of H vs HO Hot Clear Cut Yet 

- Heeds Concentration For Next Two Months 

(2) ® Lon Cost Subsystems will s?vc F.arly Dollars 

- Include in Selc*.lcd Orbiter 

(35 o Combining all (Jri’iter Requirement Reductions 
( 1 5 K 40. NAO. .12} 

- Saves Total lYegr^ S1.0B 

- Reduces Pe::i< S200M 
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Three alternative ptos-.t.mi appioachos have been 
evaluated relative to the Mi!!;. -reusable concurrent 
1133 baseline program. 

The coiicui rent Saiinn technology pi < 'gram re- 
tain* the basic shuttle s> s:em goal of full utisjhiliiy 
while achieving substantial cost reductions relative 
to tiie baseline. 

The Sailin' S iC !> cicatly the best phased 
mteiiin booster It el n - e< booster development 
;rsk in the eartv ye-:' ot program and therefore 


permits full concentration on oioiter development. 
Us use should be limited to appiovmjtely 1- 
iiiglits. 

The best of ihe extended interim programs 
.s the parallel burn, thrust augmented IIO (TAllO) 
p.vvr.im which ices tveo ! st> in. fixed mv/Je. 
solid rocket nvA-rs lor boost assist. Due tu an 
insufficiently luv nst per flight : : lire operational 
{•base, eventual itn.isrng ro a rcucibl: boos’er is 
recommended. 







To complete oer | >: i .1 » sun we hr.ielly »j:ii 
id address the we w. ■_:!.! make : n 

ihe li'.’Ju oi lire p SANA i. i-.iein--. In v:ew o! 

i!ie forihsoinm.. budget deeisu .ns. ihe \%.iy ie.il i;-c.il 
limitation, and the «j -i : \ * • ! letemuij: decision 
flexibility dow nstieain in the progiam we would 
rivai;. ”V":d ilut you !ol!ow:->p three steps 

now : 

I'tr.'i : 

o Move now on the external tank arbiter 
with J2 engb. 

v Complete the 110 system evaluation during 
the next two month-, so that a decision be- 
tween II ;ind lit) .-.'.it he made on .lata oi 
comparable inaf iity. We b.hevc t-his to 
be entirely o-mlst-iit with your psoeure- 
incnt sehrchf! • 

- V. i ( . ,i. • iy,'.,y c’e'.vl 'r.r.ier.t f.-.r the 

r.ext six in.-nth-. 


Second 

‘I tw 'election o‘ the inieinn I ! " not 

tune e:itie;-:l. I louev. i , i. . uitig .m > i-h :■ booster 
seicclioit is dcsiuhle. the S IC is ch-aiK fhe SeSI 
clioiee tor a phased nitcwi-.i pr.-erao' f- ’ 1 1 ’ 1 : 1 '* lo 

I 2 flights. i he select im; of this nj'i pro- 

\idc the minrnt.im p. s|Vj boost et >1 ' 1 ■ K ‘ n! 
risk thus permitting maximum con* ' "ii.n'i iii on 
orbitt.T develop-nent. 

Tliitd: 

Because the reusable il-eib" S ' hl " ; d-tiscd 
system offers the very real possibility > :!, ning 
a concurrent shuttle piognm wisl.kr ■; ; -= * • xt i!'-;?? -..J y 
SI B peak funding and. at the san; • les'ia-. tu 

a low cost per ilir'n . vo- propose iV : 

evaluation of Ihe K-S-1C foi the ne-.t •- u> -t'lhs. 


This combination of step*, d. 
mils the initiation of the orb ;e: d - • • ' ; 't 

soon as p;aoi*;a! within die assure. ■ • h.n.t 

1st tons find keen.-. op«;ti . ; ! ’ ' .-.pitot. •■■ ■ • * ! - " 
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